Morphological features of the marker chromosomes Marker 1 (M1) chromosome is quite similar morphologically to No. 1 chro mosome of the normal rat. But, G-banding analysis revealed a clear difference of this marker from the latter. Marker 2 (M2) is a medium-sized submetacentric element. Markers 3 and 4 (M3 and M4) are medium-sized submetacentrics com paratively resembling with each other in morphology.
Marker 5 (M5) is a large acrocentric which is nearly identical with M1 in size. Marker 6 (M6) is a large telo- centric, and marker 7 (M7) is a large metacentric. There was a wide range in combination of these markers in the metaphase complements of the cells analyzed (Table 1) . Especially noticeable was the fact that, as shown in Figs. 5 and 6, the combination was not always constant even in the cells with the same chromosome number. In Table 1 are shown the combination patterns of these markers and their occurrence frequencies in the modal cells. The following two types of marker combinations, i.e., M1-M2-M3-M4-M5 and M1-M2-M3-M4-M6 , were most fre quent in each cell fraction, while in contrast the other combination types were very low in frequency irrespective of the increase or decrease of their chromosome num ber. A similar tendency was observed in each transfer generation.
Thus, it seems likely that there is no correlation between the types of combination and the chro mosome numbers. The frequency of these seven markers was different in the metaphases observed Banding characteristics of the US chromosomes One hundred and thirty-six metaphases were analyzed for the G-banding pat tern of the markers, and also ten well-spread metaphases were analyzed for the G banded full karyotypes. Typical G-banded karyotypes of the US cells are shown in Fig. 7 . A close analysis of the G-banding pattern revealed that the US cells scarcely contained normal rat chromosomes, though the detailed analysis of the smaller meta and acrocentric elements has remained still uncertainly. Although the overwhelming majority of the tumor cells was in a triploid range, no trisomic homologues were detected in the metaphase complements so far observed. The disomic pairs with unusually banded configurations occurred very rarely in the marker and/or non-marker elements.
G-banded marker chromosomes depicted from twelve randomly selected meta phases are presented in Fig. 8 . The banding pattern of each marker was essentially constant, though a slight deviation could be detected in their bands by virtue of fusion of the adjacent bands, due to different degrees of chromosome condensation. The state of the arrangement of each marker reflects both the occurrence frequency of each marker and diversity in combination of the markers. Thus; a striking varia tion in combination of the markers, as well as in occurrence frequency of each marker was found with considerable certainty.
An inquiry into the derivation of some of the markers was possible by banding analyses. Then, Fig. 9 indicates possible processes of the formation of the follow ing three markers, M5, M6 and M7. As already noted, the two markers, M5 and M6, closely resemble morphologically: the former is a large acrocentric apparently similar in size to Ml, whereas the latter is a large telocentric slightly smaller than the former. The banding analysis made clear that, except the centromeric region including the short arm and the proximal region of the long arm of M5, the two markers were characterized by similar and specific G-banding patterns which are suggestive of the same origin (Fig. 9, top) . M5 might have been formed through the reciprocal translocation between the long arms of No. 2 and No. 4 of the normal rat chromosomes (Fig. 9, middle) . A presumptive pericentric inversion in the proximal region of No. 2 might have been involved in this case. This presumption could be supported indirectly by the distribution pattern of C-bands. Whether the pericentric inversion occurred before or after the formation of the marker has remained unknown.
The large metacentric marker, M7, has probably been formed by a Robertsonian mechanism between No. 5 of the rat chromosomes and certain element which might have intricately rearranged (Fig. 9, bottom) . The G-banding pattern of MI was remarkably different from that of No. 1 of the rat chromosomes, regardless of the similarity in their external morphology, suggesting the occurrence of an extensive chromosomal rearrangement in that element. The C-bands of this marker chromosome were present not only in the centromeric and proximal region of its long arm, but also in its middle region (Fig. 10) . The former two seem to correspond with the C-bands of the pair No. I of the rat chromosomes, but the latter band could be never detected in the control sample. Figure 10 is a diagrammatic representation of some statistic data on the arm ratio and the specific interstitial G-band position of M1. 
Discussion
It has been well known that ascites tumors transferred serially for a long term generally show many unusual or marker chromosomes, together with a relatively few normal elements (Makino 1957b , 1960 , Unakul and Hsu 1972 . Of the transplantable rat tumors reported so far, Yoshida sarcoma, which has been maintained for over 35 years by serial transfers, showed the highest frequency of chromosome rearrangements, almost 70 percent of all the chromosomes being structurally altered, and very probably, this may, at least in part, reflect the longest transfer history of the tumor ). The present material, US ascites sarcoma, has also been serially maintained for about 25 years after its establishment.
Of interest are the findings that, on the basis of the G-banding study, elements with the normal rat patterns were scarcely detected in the tumor chromosomes so far as the present samples are concerned. Further, the occurrences of the trisomic as well as disomic homologues were also negligible in the tumor samples here examined, notwithstanding their hypertriploid nature. However, this does not necessarily mean the essential absence of any small segments of the homologous chromosomes, because the banding technique is still unsatisfactory for the analysis of such minute rearrangements of small chromo somes. Nevertheless, the present findings strongly suggest that extensive and drastic rearrangements have taken place in almost all of the chromosomes including the sex chromosomes following the long-term serial transfer. The derivation of most of the marker chromosomes was difficult to trace even through the application of the current banding techniques. Thus, it seems reasonable to assume that structural changes might have occurred over and over again in the individual chro mosomes, and that the primary morphology of individual chromosomes has been altered so drastically that one could not trace the process of the chromosomal re arrangement.
As a natural consequence, a variety of cell-to-cell karyotypic vari ations could be produced through striking chromosome rearrangements.
If a cell of such nature can have a chance selectively to develop, the cells with a certain new karyotypic constitution may be produced at a substantial rate forming a new cell population.
As shown in Fig. 3 , there is in this tumor a small cell population around the fraction of the chromosome number 130. These hyperploid cells might have been formed by polyploidization of the cells of 3n nature. This became supplemented to a considerable extent by the following facts: 1) metaphases in process of endo reduplication as the possible cause of somatic polyploidization occurred in most of the examined samples with low but certain frequency, and 2) two sets of markers were usually contained in such hyperploid cells.
Occasionally, the diploid complement of the rat which is normal numerically as well as morphologically was observed in some specimens. In the 1815th transfer sample, for example, about 50 percent of metaphases were seemingly normal, though this frequency was extraordinarily high. A similar feature has been detec ted in serially transferred Rous rat sarcoma by Levan and Mitelman (1976) . On the basis of the sex chromosome constitution, they regarded the cells with a normal karyotype as the derivatives from the normal stromal cells of the host animals. In view of these facts, it is most probable that the normal metaphases observed in the present materials might be an appearance of the stromal mitoses in the host. To check this on the sex chromosome basis was impossible, because of the same sexuality of the carrier of the primary tumor and the hosts used in the present study. Koseki (1956) and Takahashi (1963) described unusually large J-shaped and large V-shaped chromosomes in the US cells sampled before the 300th transfer generation. These elements occurred very frequently in the earlier transfers with a fluctuation in frequency. The appearance of one large V-shaped element was most frequent in the samples taken before the 200th generation (Takahashi 1963) . In the light of the present study, the large J-shaped element seems most probably to correspond to the M1, and the large V-shaped one to the M7. Noteworthy is the fact that the M7 occurred only in two to three percent of metaphases, while the M1 in over 90 percent. Then, it is suggested that the M1 may be quite conservative for elimination in the course of the serial transfers. In contrast, a marked low occurrence of M7, or the large V-shaped chromosome may be due to drastic mor phological changes involving remarkable structural rearrangements.
The fate of the markers has remained mostly as a subject of the future study. The work has been in progress, particularly dealing with samples taken after the 1900th transfer generation.
Summary
Chromosomes of the Usubuchi sarcoma cells are investigated in some detail, use being made of banding techniques, in seven samples from the 1812th to 1895th transfer generations.
The sarcoma is regarded as a hypertriploid tumor in the gene rations examined, with a modal number of 65. This hypertriploid tumor scarcely comprizes in its chromosome complement disomic or trisomic homologues, as well as the normal rat chromosomes.
The karyotypic constitution of the US cells is quite different numerically and morphologically from that of the normal rat karyo type. Seven chromosomes with unusual morphology are remarkable in occur rence as markers. In three of them (M5, M6 and M7), their possible derivation is traced on the basis of their characteristic banding patterns. The combination of the markers widely varies from cell to cell even in the sample from the same transfer generation. Their combination pattern seems to be irrelevant to either the number of chromosomes or the transfer generation.
